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Y THE Jos of keeping automotive operating and 

maintenance costs low, don’t overlook the im- 
portance of Effective Lubrication. It’s vital! And 
you can assure it by using Texaco. 

Chassis parts, for example, last longer and func- 
tion better lubricated with Texaco Marfak. This 
unique lubricant holds together. It stays where 
you put it— won't squeeze out under heavy loads, 
won't jar out under hammering service. It also 
seals out dirt and moisture — protects parts for 
extra hundreds of miles. That’s why — 

More than 250 million pounds of Marfak have 
been used to date! 
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On wheel bearings, use Texaco Marfak Heavy 
Duty. It stays in the bearings and off the brakes — 
seals out dirt and moisture, protects longer, and 
requizes no seasonal re-packing. 

Engines lubricated with Texaco D-303 Motor 
Oil stay clean — efficient, powerful, and misers in 
fuel consumption. 

Lubricate with Texaco and cut costs all around! 
For Texaco Products and Lubrication Engineering 
Service, call the nearest of the more than 2300 
Texaco distributing plants in the 48 States, or 
write The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 
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THE HYDRA-MATIC TRANSMISSION 


HE November, 1946 issue of “LUBRICATION” 

delineated the basic problem of automatically 

multiplying and controlling engine torque be- 
fore applying it to the vehicles’ wheels, and de- 
scribed one solution to the problem. The purpose of 
this issue is to describe another solution, the General 
Motors Hydra-Matic Transmission, which not only 
has been available as optional equipment on Cadillac 
and Oldsmobile automobiles during the past several 
years, but was also extensively employed in military 
equipment such as the M-5 light tank (see Figure 4) 
during World War IL. 

The Hydra-Matic Transmission illustrated in 
Figure 1 is a highly ingenious example of the 
hydraulically controlled mechanical type consisting 
of a special type of fluid coupling, three planetary 
gear trains, and the necessary manual and automatic 
hydraulic controls. Since the basic mechanical ele- 
ment of the Hydra-Matic Transmission is the plane- 
tary gear train, a brief review of this mechanism is 
desirable. 

As illustrated by Figure 2, a planetary gear train 
consists of three elements, viz., a central ‘‘sun gear 
a spider or “planetary carrier’ having pivots for 
one or more “planet gears’, and the outermost 
“internal gear.’’ Obvious advantages of such a gear 
set are that all gears are always in mesh, torque loads 
are always distributed over several teeth, the gear 
is extremely compact, and the shafts of the three 
elements of the gear are coaxial. However, the 
principal but not too apparent advantage of a 
planetary gear is its remarkable versatility since it 
can be used either as a clutch, a reduction gear, a 
coupling or as a reversing gear by merely holding 
one of its three elements or by locking two of them 
together. A comparison of Table 1 in conjunction 


with Figure 2 will illustrate how these versatile 
effects are obtained. 

As may be seen in Figure 1, the Hydra-Matic 
Transmission employs three planetary gear trains 
either singly or in combinations to produce four 
forward gear ratios, one reverse gear ratio, and a 
clutch. These planetaries are superficially similar, 
but differ in the methods employed for controlling 
them. Two of these planetarics each contain an 
hydraulically-applied multi-disc wet-type clutch, the 
engagement of which converts the planetary gear 
to a solid coupling. All of the planetaries operate 
around one or more of the four coaxial shafts of the 
transmission which makes a very compact and 
rugged assembly. The very compactness of the trans- 
mission however, makes a brief explanation of the 
interaction of its parts quite difficult in a short 
article such as this. 

During the following general description of the 
planetaries and other features of the Hydra-Matic 
Transmission, the reader is advised to occasionally 
refer to Figure 3, a schematic diagram. 


No. 1 (FRONT) PLANETARY 


The sun gear, brake drum and the three steel 
clutch driven discs (1) are fastened together and 
rotate freely around the intermediate shaft unless 
otherwise restrained. The planetary carrier and 
clutch hub with its four fibre-faced driving discs (1) 
are keyed to the intermediate shaft and always rotate 
with it. The internal gear is splined to and driven 
by the flywheel cover, and is therefore always 
mechanically connected to the engine. The clutch 


(1) Earlier models used five steel driven and six bronze driving 
discs. 
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tor Car Di- 
rporation 


Courtesy of Cadillac M 
vision, Gene ral Motors ¢ 


Figure 1—Cross Section of Hydra-Matic Transmission—1941 Series 


plates are normally disengaged but may be engaged 
axially by application of oil pressure to a single an- 
nular hydraulic piston (2), the result being to lock 
the planetary carrier and intermediate shaft to the 
sun gear. A stationary friction brake band its ar- 
ranged to contract around and hold the brake drum 
stationary when activated by the application of oil 
pressure to a hydraulic piston or “servo’’; otherwise 
it is kept released by oil and/or spring pressure. 
Both the clutch and brake band are normally dis- 
engaged by spring action; either may be independ- 
ently applied of the other. However, both clutch 
and brake are never simultaneously applied, since 
this would stall the engine by locking it solidly to 
the transmission case. 


No. 2 (CENTER) PLANETARY 


The sun gear is an integral part of the main shaft 
and is therefore always driven by the driven torus 
of the fluid coupling. The planetary carrier has 
four planets and is an integral part of the output 
(propeller) shaft. The internal gear is screwed 
to the brake drum which also carries seven steel 
driven clutch plates (3) and a flange connected to 
the sun gear of the rearmost or #3 planetary. The 
clutch hub of this unit is splined to the rear end 
of the intermediate shaft ol carries eight composi- 
tion-faced driving discs (3). Like those in #1 
planetary, the clutch discs are normally held dis- 
engaged by twelve springs (4) but may be engaged 
axially by application of oil pressure to a single 
annular hydraulic piston (5). In this planetary how- 
ever, engagement of the clutch discs locks the inter- 
mediate shaft to the internal gear and brake drum, 
(2) Earlier models used six small pistons. 

3) Earlier models used ten steel driven and ten bronze driving 
ISCS. 


(4) Earlier models used six springs. 
(5) Earlier models used six small pistons. 


thus converting the assembly into a solid coupling. 

A stationary friction brake band is arranged to 
contract around and hold the brake drum stationary 
when activated by a “‘servo’’. Unlike that in the 
number one planetary however, this ‘‘servo” con- 
tains a powerful spring so arranged that the brake 
band is normally engaged unless and until oil pres- 
sure is applied to the “servo” piston to counteract 
spring pressure. Furthermore the hydraulic control 
system and the “'servo” are so arranged that hydrau- 
lic pressure is used to assist the “servo” spring in 
holding the brake when the planetary is in reduc- 
tion, and the assisting force is increased as the 
engine throttle is opened. In other words No. 2 
planetary is normally “in reduction”. 

The No. 2 planetary is of very substantial design 
since it is used in all four forward gears as well as 







Sun Gear 
(24 Teeth) 


Internal Gear 
(54 Teeth) 









Planet Corrier Planet Gears 
te, C18 Teeth) 
Courtesy of Cadillac Motor Car Division, 
General Motors Corp 2ration 


Figure 2—Planetary Gear Train, Schematic 
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in reverse gear, and is therefore required to transmit 
torque that has been multiplied by the front plane- 
tary. Earlier models utilized a compound or double 
reduction planetary at this point, which consisted 
essentially of two single planetaries in series. 


No. 3 (REVERSE) PLANETARY 

Number three or reverse planetary is the rearmost 
and simplest of all the three since it has neither a 
clutch nor a brake band. Instead of a brake drum 
the outer surface of the internal gear is provided 
with a series of coarse teeth resembling a gear. A 
reverse “anchor dog’’ slideably attached to the 
transmission case is manually operated by the 
driver's range selector lever to engage the exterior 


All of the major gears in the transmission are of 
the spiral type, the resultant axial thrusts being 
opposed by bronze or steel thrust washers. 

Table 2 gives a detailed analysis of the interaction 
of the planetaries, the route of torque flow through 
them, and resultant gear reductions or torque multi- 
plications. 


FLUID COUPLING 


The fluid coupling (see Figures 1 and 3) is of a 
unique design composed of an oil-tight flywheel 
cover, the rearmost (driving) torus, and the for 
ward (driven) all three elements being 
mounted on separate coaxial shafts, and therefore 
capable of being rotated independently of each 


torus 


TABLE 1 
VERSATILITY OF THE PLANETARY GEAR 
Revni 
{ir , Te ique 
To “5 Sun P nelar ln ) Output Reductic i 
Geu C.utrr c Ge a7 }? I); ¢ it} * 
Clutch Torque Input Free Free None None 
(disengaged) (clockwise 
rotation ) 
Reduction Torque Input (Torque Held Planetary Carrier 2.25/1 
Gear (clockwis« Output) Stationary (Clockwise rotation) 
rotation ) 
Solid Torque Input to be locked together* * Planetary Carrier 1/1 
Coupling (clockwise (Clockwise rotation) 
rotation ) 
Reverse Torque Input Held Torque Out- Internal Gear 2.25/1 
(clockwise Stationary put (counter (Counter-clockwise 
rotation) clockwise rotation) 


rotation) 


*With gears having the particular numbers of teeth shown in Figure 3 


‘The same effect is obtained when either the sun gear and planetary carrier, or the sun gear and internal gear are 


locke d toge ther. 


teeth on the internal gear and to thereby hold the 
gear stationary. The hydraulic control system of the 
most recent transmissions contains a blocking valve 
which prevents the driver from engaging the anchor 
until the car and reverse gear are stationary. 

The sun gear of number three planetary is an 
integral part of and driven by the internal gear of 
number two planetary. The planetary carrier of 
number three planetary is splined to the output 
(or propeller) shaft. The internal gear is normally 
free and merely idles around the output shaft unless 
manually locked by its anchor. It is interesting to 
note that the reversal of drive direction does not 
occur in the reverse planetary, but in No. 2 plane- 
tary, No. 3 planetary merely acting as a clutch and 
additional reduction gear, 


other. The flywheel cover is bolted to the engine 
flywheel and transmits all engine torque into the 
transmission through the short flywheel neck shaft 
and the internal gear of No. 1 planetary to which 
it is always connected. The driving (rearmost) torus 
is splined to the intermediate shaft and receives 
torque either from No. 1 Planetary Carrier or No. 2 
clutch hub. In order to cushion torsional shocks, that 
might be applied, the hub of the flywheel cover 
contains six helical springs interposed between the 
hub and the cover. The driven (foremost) torus 
receives torque from the driving torus and trans- 
mits it through the mainshaft to the sun gear of No. 
2 planetary. The side walls of the compartments in 
both torus members are radial. Within each of four 
groups the width of the compartments is increased 
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logarithmically to avoid formation and transmission 
of fluid pulsations at any one critical frequency. 
Although physically located at the flywheel, the 
torus members of the fluid coupling are actually and 
mechanically interposed between Number 1 and 
Number 2 planetaries, hence the fluid coupling is 
able to exert its inherent smoothness and character- 
istic infinite gear ratio influence over all four for- 
ward and the single reverse 
speeds. Furthermore in first 
or starting gear, the reduc- 
tion of Planetary unit No. 1 
permits the fluid coupling to 
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the driver to over-rule or direct its functioning 
which is wholly automatic otherwise. 

The brain of the hydraulic control system is cen- 
tralized in a small complex die casting within the 
transmission called the control valve body. In other 
words the function of the control valve body is to 
receive, interpret and integrate directions both from 
the driver and from the remainder of the transmis- 


PT i COVER 


FRONT CLUTCH 


operate at only 7/10 of en- DRIVING TORUS 
T 
gine speed, hence any coup AND INTERMEDIATE se ‘api - 


ling ‘‘drag’” and resultant SHAFT 
tendency of the carto ‘‘creep’ 
in first gear at engine idling 
speed are thus minimized. In 
addition a study of Fig. 3 
and Table 2 will show that in 
third and fourth gears the 
brake drum band and the in- 
ternal gear of planetary No. 
2 are unrestrained with the 
result that the planetary 
“splits” or divides the torque 
applied to it, only forty per- 
cent of the whole being trans- 
mitted through the fluid 
coupling and the remainder 
through purely mechanical 
channels. By this means the 
already extremely small slip 
of a fluid coupling at driving 


DRIVEN TORUS 


speeds is more than halved. ENGINE FLYWHEEL 


The fluid coupling is kept 
under an oil pressure of 30 
pounds per square inch, any 
excess oil being relieved to 
the transmission lubrication 
system. 


CONTROL 
SYSTEM 


The control system of this 
transmission is almost com- 
pletely hydraulic and is con- 
spicuous in its ingenuity. While a detailed descrip- 
tion of all parts is impractical within the confines 
of this article, the following general “high spots” 
will illustrate the nicety with which the design has 
been worked out. 

The manual or drivers portion of the controls 
consists simply of the speed range selector lever on 
the steering column, and the foot throttle. The con- 
ventional clutch pedal and clutch are conspicuously 
absent. The selector lever and foot throttle are 
mechanically linked to the transmission and permit 


AND MAIN SHAFT 





INTERNAL 
GEAR 

















GOVERNOR 


i 
—_ 




















OIL PUMP 


SUCTION aes 
Figure 3—Hydra-Maticafts missic 


sion, and to apply or remove controlled oil pressures 
at the proper times and sequences to the clutches 
and bands of the planetaries. All of the several valves 
within the control body and elsewhere in the trans- 
mission are of the cylindrical piston type, and many 
are “‘stepped’” to two or more diameters to permit 
their use as differential or balanced valves. The 
three ‘shift valves” are outstanding examples since 
they receive calibrated spring pressures and two or 
more oil pressures of different intensities which are 
usually opposed. When the resultant forces on each 
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shift valve are nearly equalized, the valve shifts to _ pressures, is one of the factors which determine the 
uncover intake or discharge ports connected to the car speed at which shifts will occur. The other factor 
appropriate clutches and brake bands (see Table 2) is throttle position which is of course regulated by 


and a gear shift occurs. 


the driver and which is cleverly converted to a 


To provide the requisite controlled oil pressures proportional hydraulic pressure by means of a 
the transmission contains two different oil pumps, _ throttle and T-valve within the control body. Left to 


with a common intake screen. The f 


rst pump is its own devices the transmission will shift gears pro- 


concentric with and driven by the front planetary gressively as the certain definite car speeds shown 


in Table 3 under “minimum 
throttle’’ are attained. How- 


| neem REAR CLUTCH ever, by merely pressing upon 








/ 


“ his foot throttle, the driver 











NO. 2 INTERNAL GEAR 
REAR BAND 





(_———— ] 








>) increases the hydraulic pres- 
REVERSE PLANETARY | sure Opposing the governor 
ce pressures and thereby post- 
pones or delays shifting until 
NO. 3 INTERNAL somewhat higher car speeds 















































rection (from first to second, 





























——— second to third, and third to 

3 fourth) occur in progressive 
order, although the car speed 
at which they occur may be 
regulated to a considerable 
extent by the driver through 
his foot throttle. Downshifts 
however do not necessarily 


mp GEAR (see Full Throttle, Table 3) 
have been attained. 

=HEH | |ouTPUT (PROPELLOR) As indicated in Table No. 

SHAFT 3, gear shifts in upward di- 
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occur in order. For example, 
if the car is decelerated under 
closed throttle, it will shift 
from fourth to third and 
thence to first (not second) 
speed. (The omission of sec- 


CONTROL 
VALVE 
BODY 
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ond speed in these circum- 
stances is due to the fact that 
No. 1 planetary is already in 
reduction, and the absence of 























sufficient throttle compensa- 








tion pressure at closed throt- 
tle prevents application of 
the clutch and release of the 
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brake band.) 





of 


Courtesy of Cadillac Motor Car Divi 


\-Maticafis mission—Schematic 


sion, General Motors Corporation A forced downshift from 
fourth to third speed is read- 
ily obtained by merely step- 


internal gear at the extreme forward end of the ping hard on the foot throttle. If this is done while 


transmission, es it delivers 
up to a maximum 0 
the engine is running. 


oil pressure ascending a steep grade, and third speed still does 


eighty pounds but only when __ not provide sufficient torque, the transmission will 


automatically downshift to second and if necessary 


The second or rear oil pump is driven by the first speed as the car speed decreases. 
output (or propeller) shaft ro is combined with If a steep downgrade is suddenly encountered 
the hydraulic governor: the latter remotely resem- which recommends the use of the engine and a 


bles the historic “‘flyball’” governor and 


regulates oil lower gear as a brake, the driver may force a down- 


pressure by means of centrifugal action on its two shift from fourth to second gear by merely flipping 


independent and differently-weighted 


valves. Car his selector lever from “Drive” to “LO” Range at 


speed as reflected by the governors two discharge car speeds under 49 miles per hour. 
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Courtesy of U.S. Army 


Figure 4—Light Tank M-5 


In an emergency this transmission may also be LUBRICATION 
used as a parking brake by placing the selector lever As indicated in the foregoing, the Hydramatic 
in reverse position but only after the engine isturned Transmission is an ingenious, efficient, but quite : 


off. This action locks the reverse unit internal gear, 
inasmuch as the reverse sun gear is held stationary 
by the normally locked drum of No. 2 planetary. 


complex mechanism that utilizes such diverse me- 
chanical and hydraulic elements as a fluid coupling 
torque proportioner, two multi-disc wet clutches, 


i/e& ©4844 


TABLE 3 


Stundard Car Speed for Shift to occur between : 
Steerin (miles per hour) : 
Column Foot Dir Fir Second Third Forced . 
Selector Thrott n ind ana down 
P. Openin S Secon ird Fourth bift 
Low or “Lo” Minimum Up 7-44 None None None 
Low or “Lo” Full Up 21-27 None None None 
Low or “Lo” Full Down 
(Forced) Second to First: 
10-8 
High or “DR” Minimum Up 5-7 11-14 16-20 None 
High or “DR” Full Up 9-15 26-35 59-67 None 
High or “DR” Closed Down Fourth to Third: 
7-13 
Third to First: 
4-8 
High or “DR” Full Down 6-4 10-8 20-17 None 
High or “DR” Full Down Fourth to Third: 
(Forced) 62-13 
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two planetary gear sets with their friction bands and 
drums, two oil pumps, two servo hydraulic cyl- 
inders, master control valve, and governor, all 
cleverly combined to obtain automatic gear shifting 
throughout four forward speed ranges Since a 
single oil is used to lubricate and operate all of the 
transmissicn elements, it must also be extraordinari- 
ly complex since it must combine a large number of 
special properties such as the following: 


High Oxidation Resistance 


Under severe operating conditions, the oil in a 
Hydra-Matic Transmission can attain a temperature 
of 300° F. Since hydramatic oil is constantly cir- 
culated through the transmission and fluid flywheel, 
it is continually exposed to and intimately mixed 
with atmospheric oxygen at even higher local tem- 
peratures in the presence of highly catalytic metal 
surfaces, all of which are conducive to oxidation. 
The resultant sludges or varnishes from even a rela- 
tively slight degree of oil oxidation would prevent 
proper operation of the control valves and thereby 
prevent the transmission from shifting. A high 
degree of oxidation resistance is therefore of para- 
mount necessity. 


Viscosity and Viscosity Index 

Theoretically, the fluid for the flywheel alone 
should have zero viscosity; however, production 
tolerances and loads applied to the related transmis- 
sion elements require a lubricant viscosity between 
an SAE 10 and 20. Since the conirol system is 
essentially hydraulic, the lubricant must maintain 
its viscosity to a high degree through a wide tem- 
perature range. In other words, a viscosity index 
of at least 125 and preferably higher 1s desirable. 


Foaming 

The presence of excessive or sustained foam must 
be avoided since it would prevent proper operation 
of both the control system and fluid flywheel, de- 
preciate or entirely remove lubrication, enhance 
oxidation, and promote spewing. High foaming 
resistance is essential. 


Pour 

The pour point must be low enough to permit 
oil flow down to atmospheric temperatures of 
—40° F., the lowest usually encountered in this 
country. 
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Oiliness 

The smooth (non-chattering) engagement of the 
two wet clutches in this transmission and the 
number of plain bearings all recommend the special 
provision of oiliness characteristics. 


Extreme Pressure 


Although heavy gear loads are eased somewhat 
by the presence of the fluid coupling, the provision 
of some anti-scuff or extreme pressure characteristics 
is advisable. 


Chemical Activity and Stability 


The oil must not adversely affect any of the wide 
variety of metals, gasket materials, adhesives, clutch 
facings, band liners, and paint which it contacts in 
the transmission. Since the oil is at present canned 
and distributed as a spare part, it must not separate 
or otherwise deteriorate tech storage of a year 
or more. 


Cleanliness 


The lubricant must be perfectly clean and remain 
so, since even minute particles of lint or any solid 
material may lodge in the control valves and prevent 
proper functioning of the transmission. 

To insure the presence, proper balance and main 
tenance of the foregoing properties in Hydra-Matic 
Oil, the General Motors Corporation runs 25,000 
mile tests in cars on their Proving Ground supple- 
mented by gruelling laboratory dynamometer tests. 
As an example of the latter, Oldsmobile starts with 
a new transmission containing the test oil and forces 
it to shift as rapidly as possible under full load 
through all four gears for at least 6600 complete 
shifts. In other words, the oil is subjected to at least 
6600 “jack-rabbit starts,"” each of which is equiva- 
lent to accelerating a car under full throttle from a 
standing stop to almost maximum car speed. A test 
of comparable severity as conducted by the Detroit 
Transmission Division causes the transmission to 
shift back and forth under load between second and 
third so that both bands and both clutches operate 
on each shift. 

Availability 

Due to the scarcity of oils meeting these difficult 
requirements, and to the des:rability of checking ad- 
justments whenever the transmission is refilled or 
replenished, the manufacturers of cars employing 
the Hydra-Matic Transmission purchase Hydra- 
Matic oil in sealed containers and resell it through 
their regular service outlets, much like any other 
spare part 


Printed in U.S.A. by 
Salley & Collins, Inc. 
305 Fast 45th Sr. 

New York 17, N 


LOWER YOUR 


KEEP cost-per-mile at rockbottom, 

I keep engines clean. A clean engine is 
efficient... gives full power with minimum 
fuel consumption . . . seldom needs repairs 
or parts replacement. And the only way 
to keep a hard-working engine clean is 
through effective lubrication! 

Texaco D-393 Motor Oil is effective 
lubrication. It is strongly resistant to 
sludge-causing oxidation, is fully detergent 
and dispersive. It keeps engine parts free of 
deposits, and holds carbon and other 
sludge-forming particles in such fine sus- 
pension that they never get a chance to 








foul engines. In addition, D-303 has the 
high film strength necessary to prevent 
scuffing and wear. It guards bearings 
against corrosion, keeps rings free, valves 
active and prevents blow-by. 

It’s your best bet for the kind of lubrica- 
tion that really steps up engine efficiency 
and cuts costs. 

Find out exactly how Texaco Products 
and Lubrication Engineering Service can 
help you cut costs. Call the nearest of the 
more than 2300 Texaco distributing plants 
in the 48 States, or write The Texas Com- 
pany, 135 E. 42nd St., New York 17, N. Y. 


TEXACO Lubricants and Fuels 


FOR ALL TRUCKING EQUIPMENT 
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Add Thousands of 


Miles to 


O GET longer, more efficient and economical 
yeas from your trucks — to make bear- 
ings, pistons, rings, cylinders and other vital 
engine parts last for extra thousands of miles 
— use Texuco D-303 Motor Oil, rather than non- 
additive motor oils. 

Texaco D-303 Motor Oil has strong detergent 
and dispersive qualities. It greatly reduces engine 
wear because it cleans as it lubricates — holds 
deposit-forming materials in suspension until 
drained. It keeps valves active and rings free, 
assuring proper seal — gives you more power 
with less fuel, prolongs engine life, saves you 
many dollars annually on maintenance. 

To make rear-end and transmission gears oper- 
ate more smoothly, last longer — use Texaco 
transmission and differential lubricants. 

For Texaco Products and Lubrication Engi- 
neering Service, call the nearest of the more than 
2300 Texaco distributing plants in the 48 States, 
or write: The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 


Cylinders 


THE TEXAS COMPANY ° TEXACO PRODUCTS ° DIVISION OFFICES 


ATLANTA 1, GA. . . . 133 Carnegie Way 
BOSTON 17, MASS. . 20 Providence Street 
BUFFALO 3,N. Y. . . 14 Lafayette Square 
BUTTE, MONT. . . Main Street & Broadway 
CHICAGO 4, ILL. . 332 So. Michigan Avenue 
DALLAS 2, TEX. . . 2310 So. Lamar Street 
DENVER 1, COLO. . . . . 910 16th Street 

SEATTLE 11, WASH. 





HOUSTON 1, TEX. . . 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. . 300 Baker Bidg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17,N. Y. . 205 East 42nd Street 
NORFOLK 1, VA. . Olney Rd. & Granby St. 
1511 Third Avenue 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 
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